To improve the quality of artificial insemination doses, the selection of spermatozoa that are most likely to achieve fertilization from the rest of the ejaculate is an alternative approach. The present study aimed to determine the kinetics and plasma membrane integrity and functionality after sperm selection with a synthetic membrane filter in polyvinyl chloride chambers with two different diameters and two filtrations times. Twelve ejaculates from three stallions were used. Immediately after collection, semen was diluted (T0) and analyzed. Two different chambers were made with two elbows connected with a pipe divided by a 5-mm pore synthetic membrane filter. One chamber had an inner diameter of 26 mm and the other, 36 mm. Skim milk at 37 C was placed in a side of the chamber (A). In the other side of the chamber (B), a sample of the extended semen, with known number of spermatozoa, was deposited. After 7 and 15 minutes, a sample was obtained from the "A" side of each chamber, and sperm concentration was calculated, semen analyzed by computer-assisted motility analysis, and plasma membrane functionality and integrity evaluated. Total motility, progressive motility, and plasma membrane integrity were improved (P < .05) after filtration in both devices and filtration times. Concentration was lower (P < .05) in both chambers at all times in relation to T0 semen. The filtration device demonstrates to be a practical and easy alternative for sperm selection. Selection using the chambers allows an increase in kinetics and membrane integrity and functionality independent of time and device diameter.
Introduction
Stallions are selected for breeding primarily on the basis of their pedigree and their athletic prowess; however, fertility is usually at best a secondary consideration [1] . Therefore, stallion subfertility remains an important aspect of reproductive management of the horse [2] . Stallions with poor fertility are tolerated because we have the ability, in some cases, to improve fertility with more intensive veterinary management [1] .
One assisted reproduction technique that can improve fertility is artificial insemination (AI). For a successful AI resulting in pregnancy, a sufficient number of viable spermatozoa capable of reaching the fertilization site is required [3] . To improve the quality of AI doses, the selection of spermatozoa that are most likely to achieve fertilization from the rest of the ejaculate is an alternative approach [4] .
The goal of sperm selection is a quantitative and qualitative improvement of the sperm when compared with the native ejaculate, while avoiding mechanic or physicochemical alterations of the spermatozoa [5] . Different methods of selection were used with equine spermatozoa, like filters with glass wool or Sephadex [6] or density gradients centrifugation like RediGrad [7] , EquiPure [8] , and Androcoll [9] . An increase in semen quality and pregnancy rates was observed after a single-layer centrifugation in stallions with no known fertility problems [3, 10] . To enrich the spermatozoa in a desired sample volume, the sperm selection methods mentioned previously are commonly followed by one or more centrifugation steps [5] . Detrimental effects on quality are described in stallion semen after centrifugation, such as damage to spermatozoa integrity [11, 12] . Damaged and abnormal spermatozoa generate greater amount of reactive oxygen species (ROS) that may contribute to reduced fertility or problems related to semen preservation [13] . Oxidative stress can induce damage to sperm membranes and DNA, ultimately leading to nonviable sperm. The use of damaged sperm in assisted reproductive technology has been implicated in alterations on embryo development in humans [14] .
To avoid deleterious effects of centrifugation, filters have been developed for the removal of seminal plasma and the concentration of spermatozoa [15] , causing less damage to the plasma membrane when compared with centrifugation techniques [16] .
The aim of the present study was to determine the kinetics and plasma membrane integrity and functionality after sperm selection with a synthetic membrane filter in polyvinyl chloride (PVC) chambers with two different diameters and two filtrations times.
Materials and Methods

Semen Collection
The present study was conducted with three stallions aged between 6 and 9 year, kept in paddocks at Reprolab/UFRGS (Porto Alegre, Brazil). They were fed oat grains and alfalfa hay daily, with free access to water and mineral salt.
On a twice weekly schedule, four ejaculates per stallion were collected, using a phantom and a lubricated and prewarmed (42 Ce45 C) Hannover model artificial vagina with an inline filter to separate the gel fraction. A total of 12 ejaculates were analyzed.
Semen Dilution
Immediately after collection, semen volume and aspect were evaluated. Semen was extended 1 þ 2 (semen þ extender) in skim milk to get at least 40 mL (T0).
Selection Chambers
Two different chambers were made with two PVC elbows connected with a 3-cm PVC pipe (Tigre Tubos e Conexões, Tigre S.A., Joinville, Brazil). One chamber had an inner diameter of 26 mm (Small Device [SD] ) and the other one an inner diameter of 36 mm (Large Device [LD] ). Those chambers were roughly divided in half by a 5-mm pore synthetic membrane filter (Sterlitech Corporation, Kent, WA) ( Fig. 1) . Both devices were cleaned and sterilized before each use.
Experimental Design
Immediately after dilution (T0), extended semen was analyzed by computer-assisted motility analysis (CASA), concentration was calculated, and plasma membrane functionality and integrity were evaluated.
Skim milk at 37 C was placed in "A" side of the chamber (Fig. 1) , in an amount sufficient to cover the pore synthetic membrane, that is, 30 mL in the SD and 40 mL in the LD. In the "B" side of the chamber ( Fig. 1) , a sample of the extended semen, with known number of spermatozoa was deposited to cover the total area of the membrane.
After 7 (T7) and 15 minutes (T15), a sample was obtained from the "A" side of each chamber, and its sperm concentration was calculated, analyzed by CASA, and evaluated for plasmatic functionality and integrity. At T15, the "A" side of each chamber was emptied in a graduate cylinder, the volume measured and the number of total motile progressive spermatozoa calculated. This measurement was not done at T7 because it would interrupt the filtration process.
Semen Evaluation
Extended semen vigor was analyzed in a phase contrast microscope using a discontinuous qualitative scale of 0e4 in which 0 signifies the total absence of motile cells and 4 signified a sample in which motile cells exhibited vigorous motility. To be used in the study, the ejaculate needed to have at least vigor 3.
Concentration was verified with a sperm sample diluted 1 þ 19 in an Improved Neubauer chamber. Total sperm count was obtained in two replicates [17, 18] .
Sperm parameters were determined using a CASA system (AndroVision; Minitub, Tiefenbach, Germany). For each evaluation, a 3-mL sperm sample was placed in a disposable 4 chamber slide (20 microns in depth; Leja Products B.V., Amsterdam, The Netherlands), and three randomly selected fields were analyzed. Sperm motility values included are as follows: total motility, percent progressive motility, curvilinear velocity (VCL), straight-line velocity (VSL), average path velocity (VAP), linearity (LIN) minimum and maximum, amplitude of lateral head displacement (ALH), and beat-cross frequency (BCF).
The functional integrity of the plasma membrane was assessed using hypoosmotic-swelling test (HOST) [19, 20] . A total of 100 were counted. Percentage of sperm that showed swollen tails was calculated.
Plasma membrane integrity was evaluated using fluorescent probes. A propidium iodide (PI) solution and a carboxyfluorescein diacetate (CFDA) solution were used. A total of 100 cells were counted. Sperm stained totally in green was considered to be cells with intact plasma membrane (viable). Cells stained red were considered to be damaged sperm [21] . All chemicals were purchased from Sigma-Aldrich Co (St. Louis, MO).
Statistical Analysis
Data were analyzed using computer software Statistix, version 8.0 (Analytical Software, Tallahassee, FL). A one-way analysis of variance was performed to evaluate concentration, total motility, progressive motility, VCL, VSL, VAP, LIN max and min, ALH max and min BCF membrane plasmatic integrity and functionality as a dependent factors and device diameter and treatments as independent variables. The Tukey post hoc test was used to locate differences in data with normal distribution; otherwise, KruskaleWallis one-way nonparametric test was employed. P < .05 was regarded as significant.
Results
Semen parameters observed from samples filtered in two devices (SD and LD) after two filtration times (T7 and T15) and presenting significant differences (P < .05) are depicted in Table 1 . The percentage of sperm cells with progressive and total motility and plasma membrane integrity from filtered semen in both devices and both times were higher (P < .03) than the nonfiltered semen (T0). A higher (P < .01) VSL was observed in T7 semen, independent of device diameter, than in T0. ALH was lower (P < .01) in T7, in both devices and in T15 in SD than in T0. Higher concentration (P < .01) was observed in T0 than filtered semen in both times and devices. Semen filtered in SD during T15 presented higher concentration than LD T7 (P < .01). Higher plasma membrane functionality was observed in semen filtered with LD in both times than in nonfiltered semen (P < .01).
No differences (P > .05) were observed in VCL, VAP, LIN max and min, ALH min, and BCF.
The number of total progressive spermatozoa observed after 15 minutes of filtration (T15) in the two devices (SD and LD) is expressed in Fig. 2 . No differences (P > .05) were observed between the number of progressive sperm filtered by the SD and LD; however, the amount of progressive motile spermatozoa recovered in SD and LD were lower (P < .05) in comparison with the nonfiltered semen (T0).
Discussion
The ideal sperm separation technique should (1) be quick, easy and cost-effective; (2) isolate as many motile spermatozoa as possible; (3) not cause sperm damage or nonphysiological alterations of the separated sperm cells; (4) eliminate dead spermatozoa and other cells, including leukocytes; (5) eliminate toxic or bioactive substances like decapacitation factors or ROS; and (6) allow processing large volumes of ejaculates [22] . To date no technique achieved all six characteristics. In this study, samples from both devices showed an improvement in items number 1, 3, 4 and 6 when compared with the initial samples, at 7 minutes and 15 minutes.
The diameter of 5-mm pore was selected based on stallion spermatozoa size and shape. Its head is oval, elongated, relatively flat, with the anterior third being the widest part, and a longitudinal section that has an approximately elliptical shape, with a slightly thicker posterior end [23] . Reported means for dimensions of stallion spermatozoon head include 5.3e6.6 mm for length and 2.8e3.3 mm for maximum width [23, 24] . In consequence, motile spermatozoon can cross the membrane. The vertical position of the membrane minimizes the passage of immotile spermatozoa by gravity, favoring progressive motile spermatozoa to cross the membrane. This was verified after preexperiments (unpublished data) with the membrane filter positioned in the bottom of the device.
The increase in total motility and progressive motility agrees with many other studies where the selection of viable sperm cells was performed using glass wool, glass beads, and single-layer centrifugation [3, 5, 25, 26] . This increase in motility was demonstrated in prior studies and attributed to elimination of poor-quality spermatozoa [11, 25] .
In the present experiment, VSL was significantly higher in both devices (SD and LD) at 7 minutes when compared with initial evaluation. At 15 minutes, no difference was observed. Sperm velocity parameters, especially VSL, have been highly correlated with fertility in rats [27] , and in pigs, VSL affected total number of born piglets [28] . Differences between the VSL of sperm with different fertilization rates were also observed in humans [29] . However, in one study with stallions [30] , VSL did not significantly differ between three fertility groups.
In the present study, ALH maximum decreased when compared with the initial sample. When considering the use of sperm for AI, Table 1 Semen parameters observed in nonfiltered semen (T0) and after filtration with two devices (SD and LD) after 7 (T7) and 15 (T15) minutes. Abbreviations: ALHm, maximum amplitude of lateral head displacement; Con, concentration; Functionality, plasma membrane functionality; Integrity, plasma membrane integrity SD 26 mm and LD 36 mm diameter; LD, Large Device; P, probability; PM, progressive motility; SD, Small Device; T0 extended semen, T7 and T15 filtered semen after 7 minutes and 15 minutes respectively; TM, total motility; VSL, straight-line velocity. Different letters (a,b) in the same row represent significant differences (P < .05). high values of ALH may not be desirable because such movement wastes a lot of unnecessary energy during dislocation through the female reproductive tract [31] . Probably, the low ALH observed in the filtered sperm in relation to the nonfiltered optimizes the energy reserves from the spermatozoa and allows the higher VSL observed. Functional integrity of the plasma membrane is critical to normal spermatozoal metabolism and function; the more spermatozoa identified with these characteristics the better the quality of the semen sample [32] . In fact, HOST is thought to have the advantage of indicating not only whether the membrane is intact but also whether it is osmotically active [1] . We expected that both devices would show differences compared with initial sample, but only the LD differed from the initial sample. This result obtained in the HOST might be attributed to fluid dynamics because the SD had the highest extended semen column, forcing some spermatozoa through the pores.
After semen selection, samples showed higher percentages of membrane integrity, assessed using CFDA/PI. A previous study determined that total motility and sperm membrane integrity values were similar immediately after collection, indicating that in fresh semen, a membrane-intact sperm would most likely be motile [33] , corroborating our findings.
The low concentration obtained after selection in this study might not be a problem. Concentrations of 4 and 25 Â 10 6 sperm/ mL for fresh semen did not affect pregnancy rates [34] . Another study using concentration of 2.5 Â 10 6 sperm/mL showed no evidence of an adverse "dilution effect" [35] .
No differences among devices in regard to the total number of progressive motile spermatozoa (TPMS) were observed in the present experiment. This number can be sufficient for an insemination dose containing enough viable spermatozoa [36] . The recommendations of the World Breeding Federation of Sport Horses (2016) [37] are 300 Â 10 6 TPMS in fresh semen and 600 Â 10 6 TPMS in cooled transported semen. However, the commercially optimal sperm dose may be smaller but is largely dependent on the stallion [11, 38] . Low volumes and sperm numbers have been overcome with deep AI techniques, but unexpected good pregnancy rates have been reported also after standard uterine body inseminations using 50 Â 10 6 TPMS [38] . In one study, doses using 200 Â 10 6 PMS exceeded the optimum fertility threshold value; therefore, no differences were seen with respect to per cycle fertility after insemination [11] . The selection device used in this experiment proved to be a practical and easy alternative for sperm selection. Selection using the chambers allows an improvement in kinetics and membrane integrity and functionality independent of time and device diameter. One alternative approach to get a more concentrated sample is to use the concentration filters proposed by Alvarenga et al. [15, 16] immediately after selection.
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